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ABSTRACT 


A one  week  simulated  Arctic  military  exercise  was  undertaxen 
to  observe  whether  certain  physiological  changes  ooserved  during 
actual  two  weer  military  patrols  in  the  Canadian  subarctic  and  Arctic 
would  also  occur  within  a cold  climatic  facility,  energy  balance 
studies  were  conducted;  predictions  of  daly  energy  exoenditure  were 
quite  similar  for  both  studies,  respective  values  tor  the  actual  and 
simulated  studies  being  3358  and  3355  kcal/man/day . While  the  men 
in  the  northern  study  were  estimated  to  be  in  caloric  balance,  the 
infantrymen  in  the  cold  chamber  had  a daily  caloric  deficit  of  over 
53G  kcal  , a total  experimental  imbdlance  calculated  to  be  equivalent 
to  a 0.5  kq  loss  of  body  fat.  In  the  Arctic,  52  men  incurred  a 38'' 
reduction  in  mean  skinfold  thickness,  a loss  equivalent  to  a 4.2  kg 
depletion  of  mean  body  fat  over  two  weeks,  while  in  caloric  balance. 
In  the  one  week  simulated  study,  ten  Arctic  trained  infantrymen  had 
a comparable  one  week  skinfold  loss  of  19^.,  estimated  to  be  equiv- 
alent to  a 2.4  kg  loss  of  body  fat  ...  a value  4.5  times  greater 
than  predicted  from  energy  balance  studies.  Tnere  were  physiolo- 
gical indications  that  dehydration  had  developed  by  the  conclusion 
of  the  study.  There  was  an  80  daily  incidence  of  ketonuria  and 
unexpectedly  50%  of  the  subjects  had  glucosuria  on  one  or  more 
occasions . 


INTROUUCl ION 


Ten  Arctic  trained  infantrymen  spent  one  week  in  a cold  climatic 
facility,  exposed  to  factors  similar  to  those  encountered  during  long 
range  military  patrols  in  the  Canadian  subarctic  and  Arctic.  Temperature, 
workload  (back-packing  and  simulated  toboggan  pulling),  ration  ana  fluid 
intake  were  continually  monitored  to  simulate  realistic  Arctic  patrol 
conditions.  Energy  and  fluid  balance  was  studied  daily  in  conjunction 
with  anthropometric  measurements.  The  body  composition  variables  foll- 
owed included  height,  weight,  skinfold  thickness,  skin  thickness,  body 
fat,  lean  body  mass  and  body  density  as  estimated  from  both  underwater 
weighing  and  skinfold  measurements. 


METHODS 


I ) Energy  Expend i ture 

Predictions  of  energy  expenditure  during  work  in  the  cold  climatic 
facility  at  DCIEM*  were  made  by  monitoring  heart  rate,  using  ECG  tele- 
metry. Two  subjects  were  monitored  for  the  entire  week,  while  the  third 
ECG  transmitter  was  rotated  daily  between  the  other  subjects.  Individual 
and  group  values  for  ene’^gy  expenditure  during  the  work  periods  were 
obtained  by  convertit.g  heart  >^ate  values  into  kilocalories  of  energy 
expended  as  described  elsewhp'^e  (1).  The  energy  costs  of  leisure  activity 
and  sleep  were  derived  using  conventional  methods  (1).  Each  24  Hour 
period  (070C  hours  <"o  070C  hours)  was  divided  into  three  main  segments  ot 
activity,  work,  le^jure  and  sleep.  Strictly  maintained  time  schedules  and 
observation  diaries  allowed  an  exact  daily  time  allotment  for  each  of  tne 
three  types  of  activity.  The  daily  energy  cost  was  calculated  as: 

Daily  Energy  Expenditure  - time  spent  in  each  activity  (min) 

X metabolic  cost  of  each  activity  (kcal/min)  (2). 

2;  Caloric  Intake 

Eacn  subject  was  issued  one  RP4  ration  pack  at  0700  hours  daily. 
Each  ration  pack  contains  about  3600  kcal  , which  is  comprised  of  52% 
carbohydrate , 32^  fat  and  16«  protein.  There  are  seven  different  RP4 
rations  available,  each  ration  being  used  in  turn.  The  caloric  yield  of 
each  item  in  terms  of  protein,  fat  and  carbohyarate  content  (the  approx- 
imate Atwater  factors  of  4,  9,  4 kcal/g  respectively  were  used)  was  avail- 
able in  the  Canadian  Forces  nutrition  table  ...  'Caloric  Composition: 
Canadian  Combat  Ration  Pack  - RP4-1967".  No  substitution  or  accumulation 
of  ration  items  were  permitted.  Every  evening  at  2300  hours  all  ration 
packs  were  collected  and  unused  portions  itemized.  This  procedure  allowed 
the  exact  daily  caloric  intake  of  each  subject  to  be  determined,  and  also 
the  proportions  of  protein,  fat  and  carbohydrate  ingested. 


* Defence  and  Civil  Institute  of  Environmental  Medicine,  Downsview, 

Ontario . 


j)  Fluid  B-ilan^e  anci  Urinalyses 


"very  niorr.ing,  eacn  nar  wa  .jiven  ? litres  of  wa:-.  Sharinq  wa ' 
not  allowed,  but  extra  portions  were  allicated  whenever  fie  requ i rei'ien: 
arose.  Flasks  were  co’lectcd  at  bedtime,  and  jnu.sed  water  was  ineasured. 
/ill  urine  was  also  collected,  measured  for  volume  and  examintd  .'.icroscop 
cail.y.  A standard  urinalysis  reagent  strip  was  used  to  detect  the  pres- 
ence and  concentration  of  protein,  glucose  and  ketones. 

4)  Body  Compos i ti on 

Initially,  the  subjects  lad  their  height,  weioht  and  tour  skin- 
fold tncknesses  measured  by  standard  techn'ques  as  described  elsewhere 
^3,  4).  Skinfold  and  body  weight  ir.ea*  urements  were  car>"ied  out  ■'n.n.eo- 
idtely  tfter  arising  each  morning,  skinfold  measurements  being  .nade  on 
tne  r’ght  hand  side  by  one  exoerienced  observer  using  the  same  Farpenden 
skinfold  ca i ipers . 


fhe  four  s : tes  (tricecs,  subscapular,  suprailiac  and  abdominal 
SK  infolds)  were  marKed  witt"  a waterproof  marker  to  increase  the  repro- 
ducibility and  accuracy  of  repeated  measurements  (4).  The  aboominai 
SK infold  v/a-  rot  included  in  skinfold  formulae  or  in  any  subsequent  ref- 
erence made  to  tne  'tnean  skinfold  thickness".  Vulues  for  skinfold  thio 
necs  were  converted  to  density  and  percentage  body  fat  by  the  formulae. 

Density  ^ 1 . 1447-0. Q612  ('OOig  - 3 skinfolds) 

(a^te"  burni n . 5) . 


Percent  body  fat  = (4.570  - 4.142)  100* 

(after  Brocek  at  al  , 6) 

Then...  Body  fai  (kg)  - Body  weight  (kg)  X fat 


Lear,  body  mas.  (kq)  - Body  weignt  (kg)  - Body  fat  (kgl 


C'tai  v'.  in  Dody  compos  tion  were  also  estimated  by  underwate'" 
weigning  '4,  d)  on  two  occasions  ...  in  the  morning  of  Day  1 and  again 
after  the  •> <()t..rimer : ended.  Residual  lung  volumes  were  determin'^d  by 
,i  nitroge'  1' i stio.n  rebreathmci  technique.  (7). 

■ 1 . e ler.i  , of  skin  tnickness  were  taken  or  rnree  seoarate 
' ; ■ ! ■ '■'•ire,  ai'dwav  arc  after  tne  study  was  completed  At  least 

. ..  . . ..v'  .w',.  jronor.ts  c SnIp  thlcknesi  were  tOKcn  at  each  of 
. 1',  ' -ulying  riarpenuen  skinfold  calipers  to  the  natura' 

.•  ■ ■.  ••  on  ; nt>  of  boin  hand'  and  feet.  Tne  smallost 

■■  .ar.  SIT,:  v'as  u iCd  to  compute  ind  v tuai  ;nd  g'"&j  ■ 
t-  If:  4 t',<-  ihicKicSj.  The  ch^'jct  of  ''ij.n  ■ TOt.surer.cnt-  ..as 

■j  a sta  e 0*  '.er.’.ral  jehydratioi.  wci.ld  .ie  r’afi-''t';d  b-. 

. .leC’’*  1'  e i'  klT  '.,>’;,;i.nenS  . 


* fr.s  ‘ore  jia  .•-os  r-'.;omm‘'ndea  t.y  tr--  : ’,1. -rria  r 1 0:..j , Col'C.  ta 


Progru.’.i . 


b ) reiiiperature  Regulation 

During  work  periods  in  the  cold  clirriatic  facility  the  average  am- 
bient temperature  was  -32.7  C,  ranging  from  -29.9''C  to  -37.7  C.  During 
lunch,  the  chamber  was  warmed  to  a temperature  of  about  -20°C.  t^ork 
schedules  in  tne  cold  room  usually  terminated  at  1630  hours,  at  which 
time  the  chamber  was  once  again  rewarmed  to  a temperature  of  5.5°C  for 
the  evening's  leisure  activities.  Each  night  the  .men  slept  on  air  matt- 
ressess  in  Arctic  sleeping  bags.  The  average  sleeping  temperature  in 
the  facility  was  -6.9°C,  ranging  from  -17.2'^C  to  -1.7'^C. 

6)  Exercise  Stations  and  Circuits 

The  three  major  modes  of  activity  included  walking  about  the  cham- 
ber carrying  a 22.7  kg  back  pack,  treadmill  walking  (two  electrically 
driven  treadmills)  with  back  pack  and  riding  a bicycle  ergometer  with  no 
pack.  Small  daily  increments  in  the  slope  and  speed  of  tne  treadmill 
were  made  as  tne  experiment  progressed  in  order  tc  maintain  exercise 
heart  rates  relatively  constant.  Toboggan  pulling,  a routine  method  of 
transport  used  during  long  range  Arctic  patrols,  was  simulated  by  the 
use  of  a 7 kg  weight,  tethered  to  the  subject's  waist  and  supported  by  a 
pulley  mounted  on  the  back  of  each  treadmill.  While  on  the  bicycle  erg- 
ometer the  subject  determined  his  own  workload  and  rate  of  pedalling,  the 
temperature  within  the  cold  facility  providing  an  adeguate  stimulus  to 
brisk  pedalling.  The  two  bicycle  ergometer  exercise  stations  were  in- 
stituted on  Day  3 in  an  attempt  to  relieve  monotony.  To  provide  further 
variety  in  the  exercise  format,  jogging  (without  back  pack)  was  used  on 
Day  5 and  6. 

For  work  scheduling  convenience  the  men  were  divided  into  two 
groups  of  five  men  each.  Rotation  through  five  exercise  stations  con- 
stituted one  exercise  circuit  for  that  day.  Each  day  consisted  of  three 
to  five  circuits.  The  five  exercise  stations  for  each  group  of  five 
subjects  were  always  identical.  There  was  a 6 minute  rest  period  between 
each  exercise  station  rotation,  and  either  a luncn  period  or  an  extended 
coffee  break  between  each  major  exercise  circuit. 


RESULTS 


Expenditure  and  Ca 1 oric  Intake 


The  caloric  intake  for  each  man  was  monitored  very  accurately. 

The  mean  caloric  intake  for  the  ten  men  appears  to  have  increased  abrup- 
tly on  two  occasions:  on  Day  2,  which  was  the  first  day  of  actual  work 
in  the  cold  and  again  on  Day  7 when  the  men  experienced  the  greatest 
daily  energy  expenditure  of  the  experiment.  Although  tne  carbohydrate 
content  of  the  ration  pack  provided  52  of  the  energy,  the  caloric  yield 
from  fat  and  protein  on  these  two  days  was  considerably  greater  (Figure 
1).  The  estimated  daily  mean  energy  expenditure,  the  measured  caloric 
intake  and  the  resultant  daily  caloric  balance  are  shown  in  Table  1. 
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'VOX 


Fi;jure  1. 


irtOO 


MEAN  DAILY  CAlORIC  INTAKE  OE  CARBOHYDRATE  FAT  AND  PRO'’  EIN 


CARBOHYHDHATE  o 


FAl  ANO  PWOTEIN 


TABLF  1 


1 


The  Mean  Daily  Energy  Expenditure, Caloric 
Intake  and  Energy  Balance  for  the  Seven  Day  Study  (N=10) 


— 

Day 

t --  - -1 

— 

Energy  Expenditure 
(kcal ) 

' 

Caloric  Intake  ; 
(kcal)  ' 

Caloric  Balance 
(kcal) 

' 

2761 

2370  I 

-391  i 

1 2 

3097 

2785  i 

-312 

1 

i 3 

3425 

2782  I 

-643 

i 4 

3610 

2818  : 

-792  ■ 

5 

3350 

2865 

-485 

: 6 

3472 

2943 

-529  ! 

i 7 

i 

1 

3771 

3313 

-458  I 

Mean 

3355 



2839 

-516  : 

i 

TABLE  2 


The  Mean  Daily  Caloric  Intake  (kcal) 
for  Each  Subject  During  the  One  Week  Study 


1 

Subject 

Number 

Mean  Daily 
Caloric  Intake 

1 

1 

2986 

2 

2636 

i 3 

2567 

1 4 

2890  i 

i 5 

3047 

In  spite  of  an  increasing)  i.ean  calnric  intake  uj.'in^  the  study, 
the  men  viere  in  neqative  caloric  oalance  throunhout  the  exper'ment.  The 
extent  of  the  imbalance  ranped  from  -311;  kca!  on  Day  2 to  -792  kca"!  on 
Day  4.  Only  on  Day  7 was  the  estimated  enp.fqy  expenditure  appreciably 
greater  than  the  3600  kcal  available  in  the  RP4  ration  packs.  Table  2 
shows  the  average  individual  caloric  intakes  over  tne  study. 

2 ) Fluid  Balance 


Individual  differences  in  fluid  intake,  urine  output  and  fluid 
balance  are  shown  in  Table  3.  A formal  analysis  of  var-iance  (A^0VA/ 
demonstrated  a significant  (p<0.025,'‘  inter  subject  variation  in  the  mean 
daily  fluid  consumption  during  the  study,  with  individual  values  ranging 
from  1289  ml  to  2071  ml.  Although  the  basic  fluid  ''at’on  was  set  at  2 
1 1 tres/man/day , subject  number  five  was  issued  an  additional  iitrf'  of 
water  on  Day  6 because  of  excessive  thirst.  The  ANOVA  for  fluid  intake 
also  indicated  a highly  significant  i nter-indi vi dual  difference  (p<0.005) 
in  the  amounts  of  fluid  consumed  per  day  over  the  seven  day  exercise  (1). 


TABLE  3 

The  Mean  Daily  Fluid  intake  (ml),  Urine 
Output  (ml)  and  Resultant  Fluid  Balance 
(ml ) for  Each  Subject  Over  the  Seven 
Day  Study 


} Subject 
j Number 

Fluid 

Intake 

■ 

n 

Un  no 
Output 

J 

fluid 

balance 

1 

1909 

1526 

+ 383  ^ 

2 

1714 

1292 

422  1 

3 

1471 

746 

+ 725  : 

1665 

1494 

+ 171  1 

1 ' 

2071 

1408 

+ 663  1 

6 

1289 

1036 

+ 253  ; 

7 

1314 

1182 

+ 132  1 

1 8 

1819 

1561 

+ 258  ■ 

1 ' 

1683 

1455 

+ 228  i 

1 10 

1569 

1326 

+ 243  ' 

h 

1 Mean 

1650 

r - - 

1302 

+ 348  j 

i ! 

I < 


3)  Urinalyses 

! Apart  from  amorphous  debris  and  calcium  oxalate  crystals,  the 

i microscopic  analysis  of  the  urine  samples  was  essentially  negative. 

I 

Proteinuria  was  a common  finding,  all  24  hour  samples  from 
Day  2 through  Day  7 inclusive  demonstrating  at  least  a trace  of 
protein. 

Unexpectedly,  50*  of  the  subjects  had  glucosuria  on  one  or 
more  occasions.  During  the  course  of  the  study,  four  different 
subjects  exhibited  a 3+  glucose*  in  their  urine,  while  subject  one 
! demonstrated  a similar  reaction  on  five  different  days  (Table  5). 

Ketonuria  was  absent  on  Day  1,  when  the  men  were  not  subjecteo 
to  exercise  in  the  cold.  All  of  the  subjects  showed  ketonuria  at 
; some  subsequent  time  during  the  study.  During  tne  remaining  six  days, 

I the  subjects  exercised  for  an  average  of  4.8  hours/day  in  the  cold, 

I with  an  80%  daily  incidence  of  ketonuria.  Almost  50%  of  the  positive 

[ tests  were  seen  post-exercise,  during  the  evening's  leisure  period 

(Table  4,  Fig.  2). 

i, 


!i 


* The  m,anufacturer  (Ames)  of  this  standard  urinalysis  reagent  strip 
quotes  that  a value  of  3+  represents  a value  ■ 500  mg  glucose/100  ml 
of  urine. 
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rABLE  4 


The  Number  cf  Positive  Ketor.uria  Tests  Per  Day  in  Each  Suoject. 


1 

1 Subject 

DAY  NUMBER 

! Number 
1 

3 

4 

5 

6 

7 1 

! 

1 

: 1 

0 

1 

3 

3 

1 

2 i 

i ? 

1 

0 

0 

2 

2 

i J 

0 

2 

0 

1 

2 

1 ■ 

! 4 

1 

X 

1 

1 

0 

0 

3 

i ' 

2 

2 

1 

3 

4 

2 

. 6 

■ L.J 

2 

3 

3 

1 

1 

i 7 

1 

1 

2 

0 

i 8 

1 

1 

2 

1 

1 

2 

2 

0 i 

10 

1 

3 

4 

1 

4 i 

There  were  no  positive  tests  on  Day  1 


These  two  subjects  could  not  void  for  the  final  unne  collection 
at  0700  hours. 


8 


The  Number  of  Positive  Glucosuria  Tests  Per  Day  in  Five 
Subjects,  With  Indicated  Concentrations. 


Subject  1 

DAY  NUMBER 

Number  s 

I 

2 

3 

4 

5 

• 6 n 

r 1 

i 7 . 

[ . 

1 ! 

3+ 

‘ i 

1 1 

^ 3- 

1+,  3+ 

1 3^ 

2 i 

i 

! 

3+ 

1 1 

5 

3+  ■ 

1+  . 

1 

• 3+ 

! ^ 

2+ 

' 1 
1 

! 3+ 

1 i 

i 

9 

1 

1 

i 

* ! 

i_  . . 

i 1 

! 1 2+ 

Triere  were  no  positive  tests  on  Day  1. 

The  manufacturer  of  this  standard  urinalysis  reagent  strip  quotes 
the  following  equivalent  concentrations  for  glucose: 

1+:  100  -250  mg/100  ml  of  urine 

2+:  Glucose  present,  but  no  concentration  value  is  given 
3+:>500  mg/100  ml  of  urine 
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4)  Changes  in  Bogy  Coii'position 

Tne  initial  physical  characteristics  of  the  ten  participants 
are  shown  in  Table  6. 

Anthroponetri c measure'serts  were  repeated  after  the  study  had 
terminated.  At  this  time  the  men  had  lost  2.6  kg  of  body  weight 
(P'O.OCl)  and  sustained  a 2.6  mm  reduction  in  mean  skinfold  thickness 
(p<0.005).  This  represented  a 3.25%  decrease  in  body  weight  and 
a 19.1%  diminution  of  mean  skinfold  thickness.  Daily  changes  .n  body 
weight  and  skinfold  thickness  are  shown  in  Figure  3. 

Abdominal  skinfold  sites  wene  also  measured  each  day.  tosses 
ranged  from  13.5%  for  the  triceps  skinfold  measurement  to  a 25.4"  loss 
at  the  abdominal  site  (Fig.  4). 

Measurements  of  skin  thickness  folds  were  taken  at  four  sitOb 
on  each  subject  before  and  after  the  study,  while  the  fold  on  the  dorsum 
of  the  right  hand  was  also  mreasured  midway  through  tne  experiment  on 
the  morning  of  Day  4.  Since  a skin  thickness  fold  includes  two  layers 
of  skin,  then  the  skin  thickness  changes  in  absolute  terms  will  be  about 
50V  of  the  recordeo  fold  value.  These  results  are  suinniarized  in  Table  7 
and  analyzed  stati sti cal ly  in  Table  8.  The  individual  measurements  fo'~ 
the  mean  value  of  all  four  sites  are  shown  in  Table  9. 

Measurements  of  body  density  were  taken  before  and  after  the 
seven  day  study  using  both  underv/ater  weighing  and  skin^'cld  measure- 
ments. Table  10  gives  a statistical  evaluation  of  tne  changes  indic- 
ated by  each  metnod. 

The  total  body  fat  content  of  the  subjects  was  computed  oefore 
a-'d  after  the  trial,  using  both  underwater  weighing  results  and  skinfoid 
measu''ements . A comparison  of  the  changes  indicated  by  the  two  methods 
is  made  in  Table  11.  Similarly,  estimations  of  lean  body  miass  (L3M) 
by  Dotn  methods  are  shown  in  Table  12. 

A summary  and  a statistical  analysis  of  tne  average  changes  in 
body  composition  for  the  group  are  shown  in  Table  13,  while  Tanle  14 
outlines  the  changes  for  individual  subjects. 


TABLE  6 


Initial  ChdracLeristics  of  the  Ten  Subjects 


Subject 

Age 

height 

Uei  gilt 

!!ean  skin--; 

BSA- 

(m2) 

Body  Density  1 

number 

(years ) 

(“')  , 

fold  (mm) 

Sk  I nfol  d/..'dter  i 

1 

1 

r 

20 

n, 

1 

95. 6 

26. 9 

2.1 

1.028 

1.036 

2 

19 

175. S 

71.2 

6.8 

1.9 

1.065 

1.073 

3 

21 

178.4 

86.2 

13.5 

2.0 

1.046 

1.046 

‘f 

19 

176.3 

7?., 

7.5 

1.9 

1 . Ofu 

1.077  1 

b 

19 

166.3 

64.7 

7.9 

i.7 

1 . 060 

1.06'i  1 

6 

20 

184 

77.3 

9.4 

2.0 

1.056 

1 . 0 /3 

1 / 
1 

21 

181 

79.6 

14.4 

2.0 

1.045 

1 . 062 

?0 

185.3 

91.1 

20.2 

2.1 

1 . 036 

1 . 059 

! ^ 

19 

181.5 

73.8 

13.0 

1.9 

1.04/ 

1.058  ' 

1 T O 

1 

33 

178 

98.2 

17.0 

2.2 

1 . 040 

1.041 

1 

« " ' 

1 Mean 

21.1 

177.  / 

81.0 

13.7 

2.0 

1 .049 

1° 

1 iSD 
L-..  - 

4.3 

5.8 

11.3 

6.4 

0.13 



0.012 

0.014  i 

t Average  value  of  the  triceps,  subscapular  and  suprailiac  skinfolds. 
* Body  surface  area. 

**  Body  density  v;as  estirriated  from  skinfold  thickness  according  to  the 
formula: 

Density  ==  1.1447  - 0.061?  7 3 skinfolds]  (after  !)urnii>.f'7). 

Body  density  from  underwater  weighing  was  determined  using  standard 
techniques  described  elsewhere  (6,8). 


skinfold  thickness  (mm) 


TABLE  7 


r 

r 


Mean  Values  and  Percent  Changes  ("  a)  for  Skin  Thickness 
Folds*  (mm)  Measured  Before  (Pre)  During  (Mid)  and  After  (Post) 
the  Seven  Day  Study  (N=10). 


Site 

Pre  Mid 

Post 

^ A 

Right  hand  (dorsum) 

3.09  2.92 

2.90 

- 6.2 

Left  hand  (dorsum) 

3.16 

2.91 

- 7.9 

Right  foot  (dorsum) 

2.85 

2.46 

-13.7 

Left  foot  (dorsum) 

2.78 

2.47 

-11.2 

Mean 

2.970 

2.685 

- 9,6-^ 

-J 

* The  thickness  of  a single  layer  of  skin 
the  value  for  a fold, 
r-  p<0.001 

will  be 

about  50«  of 

Mean 

Changes 

TABLE  8 

(a)  In  Each  of  the  Four 

Skin  Thickness  Folds  (N=10) 

Skin 

Thickness 

Si  te 

Ri  ght 

Left 

Right 

Left 

Hand 

Hand 

Foot 

Foot 

A 

(mm) 

-0.19 

-0.25 

-n . 39 

-0.31 

t 

val  ue 

2.53 

2.79 

6.68 

5.89 

P 

<0.05 

<0.025 

<0.001 

<0.001 

- lb  - 


TACLE  9 


Individual  Average  Values  and  Percent  Cnangcs  (V  a)  In  Four 
Skin  Thicicr.ess  Folds  (inn)  Measured  Before  (Pre)  and  After  (Post) 
The  Seven  Day  Study. 


Subject 

Pre 

Post 

% A 

1 

3.05 

2.70 

-11.5 

2 

2.93 

2.55 

-12.8 

3 

3.13 

3.00 

- 4.0 

4 

2.58 

2.38 

- 7.8 

5 

3.  IP. 

2.  SO 

-11.3 

6 

3.20 

2.90 

- 9.4 

7 

2.85 

2.68 

- 6.1 

R 

3.08 

2.83 

- 8.1 

9 

2.83 

2.70 

- 4.4 

10 

2.90 

2.33 

-19.8 

"^ean 

2.970 

2.685 

- 9.6 

‘ p<  0.001 

TABLE  10 

A comparison  of  Body  Density  Values  Derived  from  Skinfold 
Measurements  and  Underwater  nJeighing.  (N=10) 

MEASUREMENT 

SKINFOLD 

(MEAN  DENSITY  *SD) 

UNDERWATER 
(MEAN  DENSITY  -SD) 

Pre-Trial 

1.049  (0.012) 

1.05P  (0.014) 

Post-Trial 

1.054  (0.012) 

1.065  iC.014) 

A 

+0.005 

+'. . 006 

P Value 


<0.001 


■ 0.001 


TABLE  11 

Total  Body  Fat  (kq)  Computed  by  Two  Methods  Before  (Pre) 
and  After  (Post)  the  Study  (N=10). 


1 

1 

Method  of 
; Determination 

' ' 1 
Total  Body  Fat  (kg) 

(iSE) 

' --  1 

Differences  (a)  Between  Pre  and  j 
Post  Measurements  (±SD)  and  Their  j 
Statistical  Significance  (p)  i 

Pre 

Post 

Sum  of 
Three 
Skinfolds 

i 

m 

15.7 

(1.8) 

M 

A 

±SD 

P 

-2.35  kg  I 
^0.29  I 
<0.001  ! 

1 

t 

i Underwater 

Weighing 

— 1 

14.5 

(2.1) 

12.1 

(2.0) 

i 

A 

^SD 



-2.35  kg 
’0.39 
<0.001 

TABLE  12 

Changes  in  Lean  Body  Mass  (kg)  Computed  by  Two  Methods 
Before  (Pre)  and  After  (Post)  the  Study  (N=10). 


Method  of 
Determination 

Lean  Body  Mass  (kg) 
(iSE) 

Differences  (a)  Between  Pre  and 
Post  Measurements  (±SD)  and  Their 
Statistical  Significance  (P) 

Pre 

Post 

Sum  of 
Three 
Skinfolds 

I 

63.0 

(1.8) 

62.7 

(1.9) 

h-  - - - 4 

A -0.28  kq  ! 

*SD  iO.25  1 

P NS  i 

1 

i 

1 Underwater 
Weighing 

t 

66.5 

(1.8) 

66.2 

A -0.28  kg  j 

iSD  ^0.35  : 

P NS  , 

17  - 


TAf^LE  13 


DISCUSSION 


1 ) Energy  Balancp 

The  most  likely  source  of  Grro>^  in  the  ermt-qy  belaiice  study  woiiid 
include  the  rr!easu(  ement  of  calcnc  intake  and  the  prediction  of  energy 
expenditure.  The  availabi lity  of  detaileo  nutrition  tables  containing 
the  precise  caloric  amounts  of  protein,  fat  and  carbohydrate  for  every 
item  in  all  seven  RP^  ration  oacks  enabled  an  exact  measurement  to  be 
made,  not  only  of  ration  wastage,  but  of  the  tota:  nutritional  composi- 
tion of  all  food  ingested  by  the  r.ien  throughout  tne  study.  Sharing  o>" 
accumulation  of  ratio'^  items,  if  it  occurred  at  all,  would  only  alter 
individual  or  daily  assessments,  hue  it  would  not  affect  the  overall 
mean  daily  caloric  intake,  which  was  the  measure  of  energy  consumption 
used  in  the  balance  study.  Pulse  predictions  of  oxygen  consumption  have 
an  accuracy  within  5'  to  lO*"  (12).  The  mean  daily  energy  expenditure 
determined  from  telemetered  heart  rates  of  seven  subjects  during  sched- 
uled work  periods  was  1691  kca1.  Over  the  course  of  six  days  a lOT 
error  could  result  in  an  additional  expenditure  of  1015  kcal , or  an  equi- 
valent fat  loss  ot  only  0.15  kq  per  man. 


Tne'^e  was  a significant  difference  in  energy  expenditure  shown  by 
subject  five,  tne  shortest  of  the  group,  his  energy  expenditure,  as  pre- 
dicted from  heart  rate,  was  sign ificantly  greater  than  all  of  the  other 
subjects  mon'tored  during  cold  work  scheaules  (1).  Energy  balance 
studies  set  his  deficit  for  seven  days  at  4,993  kcal,  or  in  terns  of 
body  compesi  f on  an  expected  fat  loss  of  0.“^  kg.  Sxinfold  measurements 
and  underwater  weighing  place  his  fat  loss  at  1.6  xq  and  1.8  kg... these 
respective  values  being  2.2  and  2.5  times  greater  than  anticipated 
from  conventional  energy  balance  methods.  ‘Telemet'-y  monitoring  was  also 
done  on  subject  one,  the  "fattest’  of  the  group,  who  incurred  tne  great- 
est loss  of  body  fat  and  diminution  in  skinfold  thickness.  Energy  bal- 
ance figures  for  this  individual  set  ^is  total  deficit  at  2582  kcal, 
which  is  equivalent  to  a 0.4  kq  loss  of  body  fat.  Tne  7 ,.n  reduction 
in  his  mean  skinfold  thickness,  .nowever.  ^as  equivalent  to  a 4.  I kg  re- 
duction in  oody  fat,  a value  eleven  times  greater  than  the  energy  bal- 
ance figures. 


LeBlanc  (ref.  3C,  1957)  states  tnat  surveys  of  food  consumpticn 
during  northe»'n  militc^y  Okercise-  'alw.ys  overe' tvate  t.^e  food  corsuK'ed 
...by  approximately  10;."  ana  this  was  duo  *o  the  fact  that  it  is  im- 
possible to  collect  plate  waste".  LeP  arc  does  not  substantiate  how  he 
a^-rived  at  a figure  of  10'  , but  lacx  c.f  refuse  c-.’ lection  or,  tne  trail 
would  seem  to  be  the  most  likel  "-cason.  The  attitude  of  local  govern- 
ment and  civilian  agencies  abou^  pollution  in  the  Car.aoi  a*"  north  insti- 
gated the  inplementot' on  of  i s*rict  pollution  control  program  by  the 
Commanding  Officer,  "Exercise  New  Vixisq"  on  1 Apri ' , ’970.  It  was  est  - 
mated  that  the  collectea  refuse  ^rom  vPt  rations  during  New  Viking  exer- 
cises from  1 September  1971  to  1 .eoteribe'"  197?  weighed  35.7  tons.  Since 
the  inception  of  this  program,  all  refuse  h?s  Peer.  i llect.''d  daily  in 
"bags  plastic  garbage"  from  eacn  tent  o'^oup,  and  reiurr.od  by  vehicle  to 
t.he  "Traininr;  Headquarters"  in  Churchill,  or,  in  tno  ^ase  of  remote 
areas,  to  the  "Mam  Exercise  heaocuar^urs" . The  3400  kcal  estimate  of 


'0  - 


food  consumption  based  on  plate  wastage  during  tbe  "New  Viking  1973'' 
exercise  (3),  which  the  present  study  was  meant  to  simulate,  would 
have  certainly  been  a more  realistic  value  than  the  earlier  food 
surveys  where  no  pollution  control  was  in  effect. 

Measurements  of  energy  expenai ture  and  caloric  intake  indic- 
ated the  men  were  in  negative  energy  balance  for  each  day  of  the 
experiment.  The  estimated  mean  daily  caloric  deficits  ranged  from 
312  kcal  on  Day  2,  to  a 792  kcal  deficit  on  tne  fourth  day  of  the 
study.  There  was  both  adequate  leisure  time  and  sufficient  rations 
available  to  establish  a positive  caloric  balance  ...  the  761  kcal 
daily  plate  wastage  could  have  erased  the  overall  mean  daily  caloric 
deficit  of  516  kcal.  Although  there  was  no  significant  inter-subject 
difference  in  caloric  intake,  the  apparent  trend  of  an  increasing 
caloric  intake  during  the  course  of  tne  study  was  significant  at  the 
5«  level  (by  a formal  analysis  of  variance,  ref.  1;.  When  the  exoe- 
riment  terminated  the  men  had  accumulated  a 3610  kcal  deficit,  equiv- 
alent to  one  complete  daily  ration  pack,  or  in  terms  of  body  composition 
a half  kg  loss  of  body  fat.  Anthropometric  measurements  not  only 
confirmed  that  a loss  had  occurred,  but  indicated  a fat  depletion  four 
and  one-half  times  greater  than  this  ...  2.35  kg  (p<0.001  by  both  skin- 
fold techniques  and  underwater  weighing). 

Energy  balance  stuaies  show  a quantitative  difference  between 
the  caloric  intake  during  cold  chamber  experiments  and  actual  Polar 
trials.  During  the  two  week  northern  military  trial  ...  "New  Viking  73'', 
which  the  present  study  was  meant  to  simulate,  ration  wastage  was  about 
200  kcal/man/day  out  of  the  36G0  kcal  available  in  tne  daily  ration 
pack.  Identical  rations  were  used  in  the  present  study.  The  daily 
wastage  of  761  kcal/man  in  the  cold  chamber  was  considerably  greater 
than  in  the  northern  study,  especially  since  the  men  in  the  cold  faci- 
lity had  a caloric  deficit  each  day,  while  the  northern  infantrymen 
maintained  an  approximate  caloric  balance. 

During  the  ten  days  of  northern  patrol  activities  the  mean  daily 
energy  expenditure  was  estimated  at  3484  kcal,  thus  a cumulative  daily 
deficit  of  about  84  kcal/man/day  would  have  developed  with  a 3400  kcal 
intake.  However,  during  tne  four  gays  of  bivouac,  the  caloric  intake 
remained  high  in  spite  of  the  greatly  reduced  daily  energy  expenditure 
(2698  kcal/man/day,  ref.  3)  so  that  by  tne  end  of  the  two  week  exercise 
the  men  were  in  positive  caloric  balance. 

Similar  observations  were  made  by  A.u.  Muir  (10)  during  four 
winter  sledging  journeys  in  the  Antarctic;  the  mean  caloric  intake  at 
the  station  was  3,700  kcal  per  day,  while  "in  the  field  virtually  all 
of  the  men  consumed  all  of  their  sledging  rations  (4,300  kcal)  with 
very  little  plate  wastage"  (11). 

In  the  present  simuiated  patrol  , the  mean  caloric  intake  was 
only  2839  kcal  per  day  despite  access  to  3600  nca'.  . 'he  estimated 
mean  deficit  was  thus  516  kcal  per  day.  A somewhat  similar  lack  of 
energy  balance  was  observed  when  six  obese  subject,  exerci.ed  in  a 


clintdtic  Lhnmbt^r  at  -34  C,  j.6  nours  Cay  c-.r,  , O'.  ;.ecat ' v - 
days  wh'^e  on  ar:  unrestricted  caiori'-,  irtaKe  '4,.  rne  frea^  da,ly 
enerqy  expenditure  of  the  obese  suDjects  was  estimated  at  3381  l‘'ca;, 
while  the  -lean  caloric  intake  was  only  1975  Kcal,  resulting  in  an 
average  daily  deficit  of  1406  kcalOnan. 

One  factor  whicn  may  niake  an  irnporiant  oifference  >.o  the 
number  cal  ones  consumed  in  the  chamber  and  in  the  Arctic  is  the 

amount  of  time  "available"  for  the  preparation  and  eating  of  foods. 
During  the  "New  Viking  73"  tr-^al,  a time  and  motion  survey  and 
observation  diaries  showed  that  the  infantrymen  haa  an  average  of 
11.4  hours  available  each  day  for  eating  and  leisure  activities  f3). 
During  "leisure  periods",  entertainment  and  recreational  distractions 
were  essentially  non-existent.  Even  magazines  encroached  upon  the 
load  carrying  capacity  of  the  individual.  Tne  long  hours  of  da'"kness 
and  of  "leisure  acti/ity"  provided  the  men  with  ample  opportunity  to 
indulge  in  one  of  the  few  coniforts  available  ...  eating.  In  the  cola 
climatic  facility  recreation  and  entertainment  took  up  a considerable 
proportion  of  "leisure  activity  time;  there  was  access  to  'V,  radio, 
cards,  reading  material  a-^d  oveping  films;  friends  and  relatives  were 
allowed  visits,  and  the  soldiers  wei^e  constantly  exposed  to  the  var- 
ious news  med'a-  The  six  obese  subjects  continueo  wi ch  their  normal 
life  style  after  departing  from  the  chamber.  Tr.js  "avai  lao  i 1 1 cy  of 
time"  to  eat  without  iistracticn  apoa''ently  acccunts  for  tne  greater 
caloric  consumption  observed  during  actual  nortnern  exe>"cises  ... 

"Cur  total  food  intaxe  is  determined  more  by  what  stops  us  eating 
than  by  what  starts  us"  {28). 

^ ) Fluid  Balance 

A complete  fluid  balance  study  was  not  undertaken  in  this 
experin;ent  ...  and  therefore  one  can  only  speculate  on  the  status  o""' 
nydration  of  the  subjects.  Nevertheless,  there  were  indications 
that  some  degree  of  water  depletion  was  present  by  the  conclusion  of 
the  study.  The''e  wa..  a highly  -.ignificant  decrease  in  the  mean  skin 
thickness  ^old  (p<0.001)  by  the  end  of  the  experiment.  Skin  thick- 
ness measurements  normally  vary  from  0.3  mm  over  the  chest  to  2.1  m’n 
on  the  back,  with  intermediate  values  for  the  arm.  abdomen  and  thigh 
(13).  If  fluid  loss  was  responsible  for  the  observed  10  reduction 
in  mean  skin  thickness,  then  an  initial  average  skin  thickness  of  - 
1.5  mm  (approximated  fro.m  0.8  and  2.1  min)  spread  over  a BSA  of  2.0  m^ 
(average  value  fo'^  the  ten  subjects)  would  represent  a 300  ml  fluid 
loss  from  tne  skin  alone. 

It  was  estimated  that  the  men  nad  ar  average  dai'y  caloric 
deficit  of  516  kcal  , or  a total  experimental  imbalance  of  -36^1  kcal 
If  tne  stores  of  bodv  glycogen  are  exhausted,  about  1650  m'  of  .vater 
are  released  ;the  hydration  and  combustion  o‘  each  gram  ot  body  glyco 
gen  releases  about  2.7  and  0.6  ml  respectively,  ref  12;,  offective.g- 
dissipating  more  than  50  cf  the  resultant  neat  production  (12).  Th..i 
exercise  alone  tends  to  produce  an  intracellular  flu’d  loss,  wnile 
plasma  or  extracel lular  form  ot  dehydration  occurs  as  a response  to 


he^t  stress  alone.  Sweating,  which  was  largely  avoided  during  this 
experiment,  is  a manifestation  of  heat  stress. 

Intracel 1 ular  dehydration  may  affect  the  muscle's  tolerance  to 
an  accumulation  of  metabolites  or  ever,  alter  the  biochemical  processes 
involved  in  muscular  contraction  (12).  Some  previous  studies  nave 
shown  a small  decrease  (less  than  10  ) in  maximum  isometric  strength 
after  dehydration  (12).  Our  ten  subjects  demonstrated  a small  loss 
of  isometric  knee  extension  strength  and  of  hand  grip  strength  (Table 
15)  immediately  after  the  cold  trial,  before  there  had  been  any  oppor- 
tunity to  '•enydrate  or  replenish  glycogen  stores.  Similarly,  there 
was  no  significant  improvement  in  the  bicycle  ergoneter  evaluation  of 
aerobic  power  (neither  absolute  nor  relative  values)  despite  the 
specificity  of  the  training  undertaken  (3  1/4  hours  O'^  pedalling  the 
bicycle  ergometer)  and  the  positive  effect  a 2.6  kg  loss  of  body 
weight  should  have  had  upon  the  relative  aerobic  power.  Unexpectedly, 
even  the  pulmonary  function  values  were  less  than  initially  (Table  15). 

Anthropometric  tests  (both  skinfold  measurements  and  underwater 
weighing)  demonstrated  a 0.23  kg  reduction  of  LB''’  after  the  cold  expo- 
sure. The  l5M  loss  was  not  statistically  significant  for  the  group  as 
a whole,  but  the  five  subjects  with  the  least  incidence  of  ketonuria 
showed  a 1.3;.  mean  reduction  in  L2M  which  was  significant  (p<0.01, 

'able  16). 

"As  an  athlete's  voluntary  intake  of  fluid  often  fails  to  match 
his  rate  of  dehydration,  so  do  normal  men  exposed  to  both  cold  climatic 
cnambers  and  subarctic  field  experiments"  (1).  Lennquist  (14)  observed 
that  even  moderate  cold  conditions  within  the  strictly  standardized 
environment  of  a cold  climatic  chamber,  resulted  in  a negative  water 
balance  and  a reduced  capacity  for  physical  work.  Cold  exposure  in 
the  field  (15)  results  in  a strongly  negative  water  balance  which  appa- 
rently cannot  be  prevented  ...  increasing  the  fluid  intake  only  leads 
to  a greater  diuresis. 


A total  of  12  urine  samples  were  positive  for  glucose  over  the 
one  week  trial.  During  the  northern  trial  "New  Viking  73"  (3)  only 
one  test  was  strongly  oositive  *"or  glucose  out  of  a total  of  50  urin- 
alyses conducted.  Subject  one  from  the  simulated  patrol  (who  demon- 
strated four  3+  glucose  readings)  and  the  one  case  of  qlucosuria  from 
the  northern  trial  were  investigated  medically  with  negative  results. 
The  etiology  of  the  glucosuria  is  obscure,  but  two  possible  contribu- 
ting factors  could  be  acetone  specifically  and  the  ketone  bodies 
generally.  Blood  acetone,  quanti tat’ vely , nus  continued  to  be  consid- 
ered a minor  ketone  body  (16)  in  spite  of  the  fact  trat  blood  acetone 
IS  difficult  to  measure  and  blood-levels  nave  rarely  been  esti-iated 
(16).  However,  in  severe  ketonemia,  acetone  may  constitute  a signif- 
icant fraction  of  total  ketones  (17).  the  body  acts  as  a reservoir 
for  acetone  because  it  is  strongly  nydrophilic  and  liponh,lic;  bocaust. 
of  its  limited  metabolism  large  amounts  of  acetone  can  accumulate  and 
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Lung  Function,  Strength  and  Aerobic  Power,  Measured  Before  and  Aftei^ 


the  Seven  Day  Trial  (N  = 10) 


! 

MEASUREMENT  i PRE-TRIAL 

; MEAN  ( ‘SE) 

POST-TRIAL 
MEAN  (-SE) 

p 

VALUES 

Forced  Vita!  Capacity 
(Li ters) 

4.95  (0.18) 

4.87  (n.l6) 

NS 

FEV  . 

*^(Li ters/sec) 

4.02  (0.16) 

3.94  (0.16) 

p<0.01  j 

i 

Peak  Flow 

(Li ters/min) 

587.8  (18.3) 

577.5  (17.7) 

NS  ! 

! 

Hand  Grip  Strength 
(kg) 

1 

52.7  (1.4) 

52.2  (1.7) 

NS  1 

i 

|Knee  Extension  Strength 
i (kg) 

Predicted  1?  O2  Max. 

58.7  '1.5) 

57.8  (2.5' 

NS  ! 

1 

ml /kg/mi n 

46.7  ,2.2) 

49.8  (2.4) 

NS  ! 

Li ters/min 

3.74  (0.18) 

3.86  '0.18) 

J 

NS 

i 

in  its  slow  elinination,  acetone  reseniolcs  such  anaesthetic  agents  as 
ether  and  niethoxyf 1 urane  (16).  The  formation  of  acetone  from  aceto- 
acetate  during  ketoacidosis  has  been  suggested  as  an  additional  means 
of  buffering  the  associated  acidosis  (16).  Acetone  nas  a relatively 
low  toxicity  ...  the  principal  toxic  effect  is  upon  the  central  nervous 
system  where  nigh  doses  produce  narcosis  (18).  Acetone  accumulation 
produces  disturbances  of  renal  function  and  carpohycrate  tolerance  (18, 
19),  possibly  contributing  thus  to  the  multiple  occurrences  of  gluco- 
suria  observed  in  the  present  study.  The  ketone  bodies  are  oxidized  by 
extrahepatic  tissues  in  proportion  to  their  blood  concentrations  (20), 
being  oxicized  in  preference  to  glucose  (21).  Ten  of  the  12  positive 
tests  for  glucosuria  were  observed  in  the  five  subjects  with  the  great- 
est incidence  o'!"  ketonuria  (Table  16). 

ninety  th'^ee  urine  samples  were  positive  for  ketones.  All  three 
ketone  bodies  are  excreted  in  the  urine;  however,  the  standard  reagent 
strip  method  used  in  this  study  only  detected  acetoacetic  acid  and  to 
a lesser  degree,  acetone.  Since  3-hydroxybutyrate  is  quantitatively 
tne  predominant  ketone  body  in  the  blood  and  urine  (21),  our  method 
probably  underestimated  the  frequency  and  intensity  of  ketosis  consid- 
erably. 

Almost  50,t.  of  the  positive  tests  for  ketonuria  were  observed 
during  the  evening’s  leisure  activity  period  (figure  2).  Free  fatty 
acids  (FFA)  which  are  the  precursors  of  ketone  bodies  are  mobilized 
from  fat  depots  by  a variety  of  stimuli  including  cold  (22,  23)  and 
exercise  (24,  25).  FFA  once  mobilized  have  two  possible  major  pathways 
of  degradation  ...  oxidation  by  the  citric  acid  cycle  or  the  formation 
of  ketone  bodies  (21).  Once  formed,  ketones  are  oxidized  by  extrahepatic 
tissues  in  preference  to  FFA,  and  even  glucose  (21).  When  the  blood 
ketone  concentration  reaches  approximately  70  mg/100  ml  , as  much  as  90', 
of  the  oxygen  consumption  can  be  attributed  to  the  oxidation  of  ketone 
bodies  (21).  During  exercise,  the  plasma  concentration  of  FFA  remains 
just  above  fasting  levels  (25),  while  after  exercise  there  is  a dramatic 
increase  in  the  plasma  FFA  concentration  (24).  This  post-exercise 
augmentation  of  FFA  should  be  much  greater  in  subjects  with  ketosis 
since  the  FFA  formed  during  exercise  would  not  be  adequately  utilized 
in  the  presence  of  ketone  bodies  ...  a preferential  fuel!  Thus  a 
plethc^a  of  FFA  occurs  post  exercise  ...  and  as  the  blood  level  in- 
creases, there  is  a disproportionate  increase  in  the  conversion  of  FFA 
to  ketones  with  relatively  little  oxidation  via  the  Krebs  cycle  (21). 

When  the  blood  ketone  concentration  exceeds  abouf  70  mg/100  ml,  the 
oxidative  maenmery  becomes  saturated  and  any  further  increase  in 
ketogenesis  not  only  rapidly  elevates  the  blood  ketone  concentration, 
but  also  increases  their  excretion  in  the  urine  (20,  26). 

An  analysis  of  variance  was  conducted  on  the  total  number  of 
positive  tests  for  ketonuria  in  each  of  the  ten  subjects  over  the  course 
of  the  study  (Appendix  A).  There  was  a siqnifican*  i nter-s abject  varia- 
tion in  the  incidence  of  ketonuria  (P-0.05).  The  t^'end  to  an  increasing 
number  of  positive  tests  as  the  study  progressed  was  also  significant 
(P0.025). 
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4 ) Changes  in  Body  Coniposition 


Trie  2.35  kg  loss  of  body  fat  conbir.ed  witn  0.28  kg  reduction 
in  LBM,  resulting  in  a 2.o3  kg  loss  of  mean  body  weight  by  the  end 
of  the  study. 

The  estirridted  0.3  kg  (300  ml)  fluid  loss  from  the  skin  wouIg 
account  for  the  entire  0.3  kg  loss  of  LBM  predicted  from  both  skir- 
fold  conversion  techniques  and  underwater  weighing  results. 

It  is  unlikely  tnat  muscle  protein  was  useo  as  an  endogenous 
source  of  energy  to  meet  the  mounting  caloric  deficit.  In  most  coun- 
tries, 9-13/0  of  the  food  energy  is  provided  by  dietary  protein  (27). 

The  usage  of  carnohydrate , fat  arid  protein  from  the  rations  was  estim- 
ated at  1401  Kcal  , 958  kcal  and  480  kcal  respectively  (Fig.  1).  The 
480  kcal  (120  g)  of  potential  food  energy  oeriveo  f^om  protein  woulo 
provide  17%  of  the  average  daily  food  energy.  During  starvation,  the 
same  proportion  of  the  energy  as  in  a normal  diet  is  usually  derived 
from  protein  (28).  A 65  kg  man  contains  aoout  10  ko  of  protein,  and 
3%  of  this,  300  g,  is  available  as  a labile  i^eserve  (29)  ...  a reserve 
which  is  utilized  before  significant  tissue  destruction  or  wasting  of 
skeletal  muscles  occur  (28)  This  reserve  is  carried  in  the  cytoplasm 
of  cells  of  all  organs,  but  crobab'y  mainly  in  tne  liver  (28).  Accord- 
ingly, our  subjects  with  a mean  body  weight  of  81  kg,  would  have  nad  a 
labile  reserve  of  about  375  g. 

Tne  ten  subjects  sustained  a 516  wcal  deficit  for  each  of  7 
days.  Initially,  most  of  the  glycogen  stores  are  expended  (23).  For 
the  last  4 days,  therefore,  the  516  kcal  daily  deficit  would  be  m,et 
from  Dody  protein  and  fat  stores.  About  17  of  the  daily  deficit 
should  be  derived  from  the  labile  protein  reserve  ...  88  kcal  or  22  g 
of  protein  daily  for  4 days.  "To  provide  tne  rei-amder  of  the  energy 
needed  by  a starving  man,  ...  ^at  has  to  he  withdrawn  from  the  stores 
daily"  (28);  at  7 kcal/g  of  body  fat,  this  wuuid  amount  to  61  g of 
‘"at  daily  for  4 days.  Not  all  tne  fat  in  the  body  can  be  used  for 
energy;  there  is  a requirement  for  2 or  3 kg  to  remain  as  part  of 
essential  cell  structures  (28).  Our  estimated  body  fat  loss  was  much 
greater  than  244  g.  Nevertheless , the  total  of  2.35  kg,  still  left 
the  average  subject  with  12  kg  of  body  fat  ^Table  11)  ...  9 to  10  kq 
available  as  an  energy  reserve.  The  estiinated  daily  loss  of  22  q of 
protein  for  4 days  would  deplete  the  375  g labile  reserve  by  only  88  q, 
leaving  adequate  protein  and  fat  stores  for  almost  another  two  weeks 
at  the  same  daily  deficit  before  significant  tissue  destruction  or 
skeletal  muscle  wasting  would  occur. 

Seventy  percent  or  o5  positive  '.ests  for  ketonuna  were  observed 
in  five  subjects  (numbers  1,5, 6, 8,  and  IJ)  ihe  croup  of  five  men  with 
the  greatest  incidence  of  Ketonur’a  was  co'  pared  with  the  others  in 
terms  of  initial  body  composition  anu  changes  that  occurred  over  the 
study  (Table  16).  The  group  exhibiting  i requent  ketonuna  nad  a greater 
initial  body  weight,  with  substantially  larger  lBM  and  fat  components 
than  the  othee  five  men.  wmle  the  absolute  body  weight  loss  (2.6  and 
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2.7  kg  respectively)  was  quite  sinnlar  for  both  groups,  the  reduction 
in  mean  skinfold  thickness  and  Dody  fat  loss  were  considerably  greater 
for  the  group  with  frequent  ketonuna  (3.6  mm  vs  1.6  mm  and  2.8  kg  vs 
1.9  kg  respectively).  In  terms  of  relative  fat  loss,  however,  the  two 
groups  were  very  similar,  both  demonstrating  a 14%  loss  by  skinfold 
determinations  and  an  18%  loss  by  underwater  estimations  (Table  16). 

A higher  incidence  of  ketonuria  occurring  in  conjunction  with  a greater 
loss  of  body  fat  was  also  observed  in  the  cold  chamber  study  involving 
six  obese  subjects  (4).  Over  the  course  of  10  days  the  greatest  inci- 
dence of  ketonuria  was  found  in  the  heavier  and  more  obese  subjects  wno 
tended  to  a greater  total  loss  of  body  fat  than  the  lighter  and  "leaner" 
subjects  (respective  fat  losses  of  5.1  kg  and  4.5  kg).  Both  studies 
suggest  that  heavier  men  with  a greater  amount  of  body  fat  experience 
a greater  incidence  of  ketonuria  ...  resulting  in  a greater  loss  of 
total  body  fat  than  "leaner"  subjects  when  they  work  or  exercise  in  the 
cold  under  similar  circumstances.  During  the  "New  Viking  73"  exercise 
a representati ve  tent  group  (Group  1)  demonstrated  an  82%  incidence  of 
ketonuria  (3).  When  the  six  individual  tent  groups  were  compared  on 
the  basis  of  body  composition,  it  was  observed  that  the  three  tent 
groups  (Groups  3,  5 and  6)  with  the  greatest  initial  amount  of  body  fat 
and  thickest  skinfolds  also  incurred  the  greatest  reduction  in  both  of 
these  measurements  by  the  end  of  the  long  range  patrol  activities  (3). 


The  main  objective  of  the  present  study  was  to  ascertain  whether 
infantrymen  working  in  a simulated  Arctic  environment  would  demonstrate 
comparable  losses  in  body  fat  to  those  observed  in  52  infantrymen  during 
an  actual  Arctic  military  exercise  (3).  Over  one  week  of  simulated 
Arctic  conditions,  there  was  a 19"  reduction  in  the  mean  skinfold  thick- 
ness, equivalent  to  a 2.4  kg  loss  ot  body  fat  ...  while  in  the  northern 
study  the  equivalent  values  were  38  and  4.2  kg  respectively  over  two 
weeks  of  activity.  The  men  in  the  chamber  lost  4.5  times  more  body  fat 
than  anticipated  from  energy  balance  determinations,  while  the  4.2  kg 
loss  of  body  fat  observed  in  the  northern  study  was  also  completely 
unexpected  ...  since  the  subjects  were  in  caloric  balance. 


1. 
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TABLE  16 


A Comparison  o*'  Observations  on 
Two  Groups  of  Five  Sut.iects  Each:  The  Group  with  tne 

Greatest  and  the  Group  with  the  Least  Incidence  of  Ketonuria 


1 

Mean  Values  (N=5) 

VARIABLE 

Group**  with  the  Greatest 

Group  with 

the  Least 

Incidence 

of  Ketonuria 

Incidence 
-- 

of  Ketonuria  i 

Skin fold  ! 

1 Underwater 

Skinfol d 

Underwater  | 

Body  Fat  (kq) 

20.7 

16.7 

15.3 

12.2 

Fat  Loss  (kg) 

2.8 

2.8 

1 .9 

1 .9 

1 % Fat  Loss 

13.5 

18.2 

13.5 

18.1 

i L8H  (kg) 

6A.7 

68.7 

61  .3 

64.4 

! LBM  Change  (kg) 

+ 0.25 

+ 0.2 

- 0.81* 

- 0.8 

i % LBM  Change 

+ 0.3 

+ 0.2 

- 1.3 

Lilf 

, Body  Weight  (kg) 

85 

.4 

76.6 

1 Weight  Loss  (kg) 

2 

.6 

2.7 

: % Weight  Loss 

3 

.0 

3.5 

fiean  Skinfolc  - (mm) 

16 

.3 

11.0 

Skinfold  Loss  (mrr,) 

3 

.6 

1.6 

( % Skinfold  Loss 

22 

.2 

14.6 

1 Mean  Daily 

Values  For: 

1 

1 

1 Caloric  Intake 

j 

1 (kcal) 

2896 

2783 

Fluid  Intake 

(ml ) 

1731 

1569 

Urine  Output 

(ml) 

1371 

1234 

L_  - _ _ _ 

* p < 0.01 

-*  Mean  value  for  the  triceps,  subscapular  and  suprailiac  skinfolds 

**  Subjects  1,5, 6, 8 and  10 
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Conclusion 

Rapia  fat  loss  in  response  to  work  in  the  extreme  cold  has  been 
observed  du-'ing  both  actual  and  simulated  Arctic  military  exercises. 

While  S2  men  sustained  an  estimated  4.2  kg  loss  of  body  fat  during  a 2 
week  period  involving  Arctic  patrols,  10  men  demonstrated  a comparable 
one-week  loss  of  2.4  kg  during  a simulated  patrol... the  equivalent 
Skinfold  losses  being  38'  .and  19‘f  of  initial  readings,  respectively, 
standard  energy  balance  calculations  conducted  on  men  working  at  these 
temperatures  fail  to  equate  the  estimated  energy  expenditure  with  the 
actual  anthropometri c measurements  of  body  fat  loss... one  possible 
explanation  is  that  the  full  caloric  yield  from  pody  fat  is  not  realized 
wnen  FFA  degradation  bypasses  the  Krebs  cycle  with  ketone  body  formation, 
metabolism  and  excretion  (4). 
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Table  A 1 

Analys'’s  of  Variance  for  the  Total  Number  of  Positive 
Tests  for  Ketonu>^ia  on  Ten  Subjects  for  the  Seven  experimental  Days. 


SOURCE 

1 

SS 

f'S 

P 

i 

Subjects 

i 5 

33.2 

3.7 

4.02 

<0.05 

Days 

I ^ 

26.7 

4.5 

4.86 

<0.025 

1 Error 

1 r A 

1 ^ ■ 

^-9.5 

0.9 

j Total 

f 

L_ 

! 69 

' -J 

109.^- 

1 

L_ i 
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13  abstract 

A one  week  simulated  Arctic  military  exercise  was  undertaken 
to  observe  whether  certain  physiological  changes  observed  during 
actual  two  week  military  patrols  in  the  Canadian  subarctic  and  Arctic 
would  also  occur  within  a cold  climatic  facility.  Energy  balance 
studies  were  conducted;  predictions  of  daily  energy  expenditure  were 
t quite  similar  for  both  studies,  respective  values  for  the  actual  and  • 
simulated  studies  being  3358  and  3355  kcal/man/day . While  the  men 
in  the  northern  study  were  estimated  to  be  in  caloric  balance,  the 
infantrymen  in  the  cold  chamber  had  a daily  caloric  deficit  of  over 
500  kcaJ , a total  experimental  imbalance  calculatea  to  be  equivalent 
to  a 0.5  kg  loss  of  body  fat.  In  the  Arctic,  52  men  incurred  a 38% 
reduction  in  mean  skinfold  thickness,  a loss  equivalent  lo  a s.2  kg 
depletion  of  mean  body  fat  over  two  weeks,  wlii  le  in  calorie  halanci*. 

In  the  one  week  simulated  study,  ten  Arctic  traii1t>d  inf.antrymen  had 
a comparable  one  week  skinfold  loss  of  19  ',  estimated  to  be  equiv-- 
alent  to  a 2.4  kg  loss  of  body  fat  ...  a value  4.5  times  greater 
than  predicted  from  energy  balance  studies  There  were  physiolo- 
gical indications  that  dehydration  had  developed  by  the  conclusion 
of  the  study.  There  was  an  80%  daily  incidenc.i'  of  ketonuria  .lud 
unexpectedly  50%  of  the  subjects  had  gJuco.suria  on  one  or  more  occ.asions. 
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